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(57) ABSTRACT 

A catalyst element for a stacked reactor for generating 
hydrogen from hydrocarbons includes a catalyst disc of 
porous material and a solid connection element. The cata 
lyst-side end of the connection element is at least partially 
enclosed by the catalyst disc and is connected to this disc. 
The catalyst-side end of the connection element may have a 
mediator layer that is joined to the connection element over 
the entire area by sintering, soldering, or adhesive bonding. 
The mediator layer is joined to the catalyst disc over the 
entire area by sintering. Attachment means are provided at 
the exposed end, Which is remote from the catalyst, of the 
connection element. 
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CATALYST ELEMENT FOR A STACKED 
REACTOR AND PROCESS FOR PRODUCING THE 

CATALYST ELEMENT 

BACKGROUND AND SUMMARY OF 
INVENTION 

[0001] This application claims the priority of German 
application No. 100 38 525.7, ?led Aug. 8, 2000, the 
disclosure of Which is expressly incorporated by reference 
herein. 

[0002] The present invention relates to a catalyst element 
for a stacked reactor for generating hydrogen from hydro 
carbons having a catalyst disc of porous material. This 
catalyst element is suitable for connecting a stacked reactor 
to the environment. The present invention also relates to a 
process for producing the catalyst element; to a stacked 
reactor Which is constructed from a plurality of catalyst discs 
stacked on top of one another; and to a process for producing 
a stacked reactor. 

[0003] German laid-open publication 197 43 673 A1, 
discloses a device for the generation of hydrogen Which has 
at least one thin, large-area layer (catalyst disc) Which is 
formed by compressing catalyst material and through Which 
a reaction mixture can be forced. The reaction mixture loses 
pressure as it passes through the catalyst disc. The catalyst 
disc has a mesh-like support structure, Which preferably 
consists of dendritic copper. This mesh-like support struc 
ture is created by admixing a metal poWder comprising 
dendritic copper With a catalyst poWder and compressing 
this mixture to form a shaped body, the catalyst disc in the 
green state. Then, the shaped body is sintered, and the 
catalyst disc is ?nished. A plurality of catalyst discs Which 
have been stacked on top of one another and joined together 
form a stacked reactor. 

[0004] German patent application 198 47 987.5 discloses 
a device for the generation of hydrogen comprising at least 
one thin, large-area catalyst layer (catalyst disc). The starting 
material for producing the catalyst disc is exclusively copper 
poWder, ie no additional fraction of a catalytically active 
material is admixed With the copper poWder. For its pro 
duction, the copper poWder, preferably dendritic copper, is 
pressed to form a shaped body in the form of a thin, highly 
compressed layer Which Will form the catalyst disc. The 
shaped body is then sintered in a reducing atmosphere, 
forming a “catalyst disc” Without a catalyst layer. To form a 
thin, large-area catalyst layer, a surface layer of the shaped 
body is activated, as a catalyst layer, by repeatedly oxidiZing 
and reducing the surface of the shaped body. A stacked 
reactor is constructed from a plurality of catalyst discs Which 
have been stacked on top of one another and joined together. 

[0005] German patent application 198 32 625.4 discloses 
a stacked reactor comprising catalyst discs stacked on top of 
one another and a process for producing a stacked reactor. In 
this case, catalyst discs in the green state, ie the pressed 
shaped bodies prior to the sintering process, are stacked on 
top of one another to form a stacked reactor and are then 
sintered jointly in the stacked state. The sintering may take 
place under the action of a predetermined pressure. The joint 
sintering results in a sealed connection betWeen the indi 
vidual catalyst discs. 

[0006] Stacked reactors of this type are usually ?tted in a 
housing and connected to connection lines, for example for 
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starting material stream and product stream. The stacked 
reactors and the connections have to be securely sealed With 
respect to the outside. In the prior art, the sealing forces 
required are applied as compressive forces across the entire 
stacked reactor. For this purpose, it is necessary for the entire 
stacked reactor to be clamped in place by complex clamping 
devices. In operation, changes in spacing or expansion have 
to be absorbed by springs or similar compensation elements. 
Therefore, the clamping device has to be matched as accu 
rately as possible to the dimensions of the stacked reactor, 
and it is dif?cult to install stacked reactors of different 
dimensions. 

[0007] The present invention is based on the object of 
providing a catalyst element, in particular for the production 
of a stacked reactor of the type described in the introduction, 
Which alloWs simple and inexpensive connection to the 
environment Without connection forces Which occur in the 
process acting on the catalyst element or on a stacked reactor 
of this type. 

[0008] This object is achieved by a catalyst element 
according to the present invention. Furthermore, a stacked 
reactor for generating hydrogen from hydrocarbons may 
comprise at least one catalyst element according to the 
present invention as a catalyst connection disc. 

[0009] The catalyst element according to the present 
invention for a stacked reactor for generating hydrogen from 
hydrocarbons, having a catalyst disc of porous material, 
includes a solid connection element. The catalyst-side end of 
the solid connection element is at least partially enclosed by 
the catalyst disc and is joined to the disc. Attachment means 
are provided at the exposed end of the connection element, 
Which is remote from the catalyst. The solid connection 
element can be joined to the porous material of the catalyst 
disc by sintering, soldering, Welding, adhesive bonding, 
screWing and/or clamping. Sintering is carried out under the 
application of pressure. In one embodiment, it is also 
possible for a mediator layer to be provided betWeen the 
catalyst-side end of the connection element and the surface 
of the catalyst disc. 

[0010] As noted, the catalyst-side end of the connection 
element may have a mediator layer. The mediator layer is 
joined to the connection element over the entire area by 
sintering, soldering or adhesive bonding. The mediator layer 
is joined to the catalyst disc over the entire area by sintering 
and attachment means are provided at the exposed end, 
Which is remote from the catalyst, of the connection ele 
ment. If the connection element used is produced from a 
different material from the mediator layer Which folloWs, it 
is possible, in order to improve the adhesion betWeen 
connection element and mediator layer, to provide a metal 
layer Which is produced by electrodeposition. The layer 
thickness of this metal layer may usually be from approxi 
mately 50 pm to a feW 100 pm. The mediator layer itself, 
Which contains or consists of a metal or a metal alloy, has a 
layer thickness of approximately 0.5 to 3 mm, preferably of 
approximately 1 to 2 mm. By Way of example, When using 
a connection element made from stainless steel and a 
mediator layer, preferably of dendritic copper, the metal 
layer produced by electrodeposition Will also be copper. 

[0011] The catalyst disc or a stacked reactor constructed 
therefrom is connected to the environment via the connec 
tion element and the attachment means. Connecting forces 
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are therefore advantageously absorbed by the solid connec 
tion element and are not transmitted to the catalyst disc or 
the stacked reactor. It is not necessary to clamp the entire 
stacked reactor, and consequently it is possible to dispense 
With a complex clamping device. 

[0012] Substantially only the forces from the Weight of the 
catalyst disc/stacked reactor, and possibly acceleration 
forces depending on the selected mounting/attachment, act 
betWeen the connection element and the catalyst disc. The 
fact that the solid connection element is at least partially 
embedded in the porous catalyst disc or that the connection 
element and catalyst disc are joined by a mediator layer 
means that the active connection forces (1) betWeen catalyst 
disc and connection element and (2) betWeen connection 
element and environment connection are separated from one 
another. 

[0013] The folloWing facts must be taken into account 
When joining the connection element and the catalyst disc: 
[0014] The catalyst disc, preferably made from copper, 
containing catalyst material or a catalyst layer on the sur 
face, is heat-sensitive. HoWever, it can only be joined to the 
connection element, preferably of stainless steel, at elevated 
temperatures. To obtain a connection betWeen catalyst disc 
and connection element, it is possible to achieve this by a 
clamping mechanism or via a mediator layer located 
betWeen catalyst disc and connection element, in Which case 
the different temperature compatibility of the components or 
materials has to be taken into account through tWo process 
steps. In a ?rst step, the connection element is combined at 
high temperatures With the mediator layer, by soldering at 
approximately 800° C. to 1000° C.; by sintering at approxi 
mately 600° C. to 1000° C. under pressure; or by adhesive 
bonding using an adhesive Which is suitable for the materials 
used. In a subsequent second step, the catalyst disc is 
attached to the mediator layer, advantageously at a loWer 
temperature by sintering on under pressure at temperatures 
of approximately 400° C. to 600° C. The catalyst disc may 
also be constructed from different metals or metal alloys. 

[0015] To join the connection element and catalyst disc or 
connection element and mediator layer, it is possible to use 
a soldering operation employing, for example, silver solder 
or material Which contains silver solder. 

[0016] In one con?guration of the present invention, a 
projection, Which extends substantially perpendicular to the 
expected principal direction of load on the connection 
betWeen catalyst disc and connection element, is provided 
on the catalyst-side end of the connection element. Design 
ing the catalyst-side end in this Way assists With joining 
catalyst disc and connection element by providing a form ?t 
in addition to the joining forces Which are present according 
to the particular type of joining process selected. 
[0017] In a preferred embodiment of the present invention, 
a surface region of the catalyst-side end of the connection 
element ends substantially ?ush With the outer surface of the 
catalyst disc, and a section of the catalyst-side end extends 
at least partially parallel to the outer surface of the catalyst 
disc. By Way of example, it is possible to achieve such a 
design of the catalyst-side end by providing a step-like 
structure. When connecting/joining the catalyst disc, it is 
possible, by a corresponding mating surface Which rests 
substantially ?at against the catalyst top side and the surface 
region, to ensure that the connection betWeen catalyst disc 
and connection element is additionally clamped and thereby 
reinforced. The mating surface may be produced, for 
example, by a plate or a suitably designed environment 
connection. 
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[0018] In a preferred con?guration of the present inven 
tion, the connection element has at least one passage, via 
Which reaction starting materials and/or reaction products of 
the catalyst or stacked reactor are supplied and/or dis 
charged. By Way of example, a catalyst or a stacked reactor 
can be connected to suitable supply connections from the 
environment via the passage in the connection element. The 
sealing forces required to provide a reliable seal of the 
connection are in this case absorbed by the connection 
element and do not act on the catalyst or stacked reactor. 

[0019] It Will be understood that the features Which have 
been mentioned above and those Which are yet to be 
explained beloW can be used not only in the combination 
given in each instance but also in other combinations or on 
their oWn Without departing from the scope of the present 
invention. 

[0020] Other objects, advantages and novel features of the 
present invention Will become apparent from the folloWing 
detailed description of the invention When considered in 
conjunction With the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIG. 1 shoWs a side vieW of a section through a 
?rst embodiment of a catalyst element according to the 
present invention; 

[0022] FIG. 2 shoWs a side vieW of a section through a 
second embodiment of a catalyst element according to the 
present invention; 

[0023] FIG. 3 shows a side vieW of a section through a 
third embodiment of a catalyst element according to the 
present invention; 

[0024] FIG. 4 shoWs a side vieW of a section through a 
fourth embodiment of a catalyst element according to the 
present invention; and 

[0025] FIG. 5 shoWs a side vieW of a section through the 
fourth embodiment of the catalyst element according to the 
present invention in the connected state. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 shoWs a side vieW of a section through a 
?rst embodiment of a catalyst element 1 according to the 
present invention. The catalyst disc 2 consists of porous 
material and preferably has a mesh-like support structure 
(not shoWn). For reasons of clarity, details of the catalyst 
disc 2, such as for example channels for starting materials/ 
products, are not shoWn. 

[0027] The support structure can be produced, for 
example, by admixing a metal poWder, preferably dendritic 
copper poWder, With a catalyst poWder (i.e., material con 
taining catalytically active substances) during the produc 
tion of the catalyst disc 2, Which, during compression, leads 
to a mesh-like support structure being formed. Another 
possible option consists in using exclusively copper poWder, 
Which at least partially comprises dendritic copper, for the 
catalyst disc 2. In general, the catalyst disc 2 is produced by 
pressing a shaped body, knoWn as a green blank, from 
starting material in poWder form and sintering the green 
blank. 

[0028] A solid connection element 3 is integrated in the 
catalyst disc 2. The connection element 3 consists of a metal, 
such as for example copper, or a metal alloy, such as for 
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example steel. The solid connection element 3 has a catalyst 
side end 4 and an exposed end 5 Which is remote from the 
catalyst. 
[0029] The catalyst-side end 4 of the connection element 
3 is at least partially enclosed by the porous material of the 
catalyst disc 2 and is joined to this material. This connection 
may be produced, for example, by sintering, soldering or 
Welding, adhesive bonding, and/or clamping. Aprojection 7 
is provided on the catalyst-side end 4 of the connection 
element 3. The projection extends substantially perpendicu 
lar to an expected principal direction of load 8 on the 
connection betWeen catalyst disc 2 and connection element 
3. These components are therefore also connected to one 
another in a positively locking manner. 

[0030] Attachment means 6 are provided at the exposed 
end 5, Which is remote from the catalyst, of the connection 
element 3. The attachment means 6 can be used to connect 
the connection element 3 and the catalyst disc 2 or a stacked 
reactor constructed therefrom to, for example, holding 
means, connections, or equipment of the surrounding envi 
ronment. The forces produced by this connection act sub 
stantially on the connection element 3 and are not transmit 
ted to the catalyst disc 2. These attachment means 6 are 
illustrated as screW connections in the draWings. HoWever, 
it is also possible to use other suitable attachment means 
Which are knoWn to the person skilled in the art. The 
connection element 3 can be used for easy attachment of the 
catalyst disc 2 to holding means or for joining or connecting 
to supply lines or sources. For the latter purpose, the solid 
connection element 3 is equipped With at least one passage 
12. Via the passage 12, by Way of example, channels (not 
shoWn) in the catalyst disc 2 or the stacked reactor for 
product streams or starting material streams are connected to 
suitable connections in the environment for starting mate 
rials/products. 
[0031] FIG. 2 shoWs a side vieW of a section through a 
second embodiment of a catalyst element according to the 
present invention. The catalyst element 1 includes a solid 
connection element 3, the catalyst-side end 4 of Which has 
a mediator layer (2a). The mediator layer 2a is joined to the 
connection element 3 over the entire area by sintering or 
soldering. The soldering or sintering under pressure takes 
place at temperatures of around 1000° C. Further joining to 
the catalyst disc 2, Which has a matching recess With a lateral 
edge, takes place over the entire area by sintering under the 
application of pressure at approximately 450° C. via the 
mediator layer 2a. Attachment means 6 are provided at the 
exposed end 5, Which is remote from the catalyst, of the 
connection element 3. 

[0032] FIG. 3 shoWs a side vieW of a section through a 
third embodiment of a catalyst element according to the 
present invention. The catalyst element 1 includes a solid 
connection element 3, the catalyst-side end 4 of Which 
likeWise has a mediator layer 2a Which is joined to the 
connection element 3 over the entire area by sintering or 
soldering. The soldering or sintering under pressure takes 
place at temperatures of around 1000° C. The further attach 
ment to the catalyst disc 2 is effected via the mediator layer 
2a over the entire area by sintering under the application of 
pressure at approximately 450° C., the connection element 
ending ?ush With the overall circumference of the catalyst 
disc. Attachment means 6 are provided at the exposed end 5 
of the connection element 3, Which is remote from the 
catalyst. 
[0033] FIG. 4 shoWs a side vieW of a section through a 
fourth embodiment of the catalyst element 1. In this case, the 
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catalyst-side end 4 of the connection element 3 is designed 
in such a Way that a surface region 9 ends substantially ?ush 
With the outer surface 10 of the catalyst disc 2. Moreover, a 
section 11 of the catalyst-side end 4 extends at least partially 
parallel to the outer surface 10 of the catalyst disc 2. 

[0034] A design of this type can be achieved, for example, 
by a stepped structure of the outer side of the catalyst-side 
end 4. In the connected state, as shoWn in FIG. 5, the 
catalyst disc 2 and the connection element 3 can be clamped 
With respect to one another by a structure of this type, and 
as a result the strength of the connection betWeen catalyst 
disc 2 and connection element 3 can be increased. As shoWn 
in FIG. 4, instead of forming the surface region 9 it is also 
possible for the connection surface 17 of the environment 
side end 5 of the connection element 3 to end ?ush With the 
surface 10 of the catalyst disc 2. Acon?guration of this type 
is determined by the space Which is available and required 
for the attachment means 6, i.e. by the thickness of the 
catalyst disc 2 and the type of attachment means 6. 

[0035] FIG. 5 shoWs a side vieW of a section through the 
fourth embodiment of the catalyst element according to the 
present invention in the joined or connected state. The solid 
connection element 3 and the catalyst disc 2 are connected 
to an attachment section 13 of a supply connection via a 
screW connection 6. A seal 16 is provided betWeen attach 
ment section 13 and connection element 3 for sealing 
purposes. The connecting forces of the attachment means 6 
are absorbed by the connection element 3 and attachment 
section 13 and are not transmitted to the catalyst disc 2. 

[0036] Aplate 14, Which ?ts substantially ?at betWeen the 
attachment section 13 and the top side 10 of the catalyst disc 
2, is provided betWeen attachment section 13 and catalyst 
disc 2. The plate 14 can be used to clamp a region of the 
catalyst disc 2 betWeen the section 1 of the connection 
element 3 and the plate 14, in order to strengthen the 
connection betWeen catalyst disc 2 and connection element 
3. In this case, the plate 14 is dimensioned in such a Way that 
the attachment forces are substantially absorbed by the 
connection element 3, and only a proportion of the attach 
ment forces contributes to the clamping of catalyst disc 2 
and connection element 3. A further seal 15 in the region of 
the connection serves to uniformly distribute and regulate 
the pressure for clamping and to additionally seal the 
connection element With respect to the environment. 

[0037] To produce the catalyst disc 2, a starting material in 
poWder form is pressed to form a shaped body and sintered, 
as has already been described in connection With FIG. 1. 
The catalyst disc 2 can be produced using a process as 
described in the German laid-open publication 197 43 673 
A1. According to this process, a mixture of catalyst material 
and metal poWder is used as the starting material in poWder 
form. HoWever, the process described in the German patent 
application 198 47 987.5 can also be used to produce the 
catalyst disc 2. In this case, dendritic copper poWder is 
preferably pressed to form a shaped body and sintered in a 
reducing atmosphere. Then, a thin, large-area catalyst layer 
is activated by oxidiZing and reducing the surface of the 
shaped body. 

[0038] In order to integrate the connection element 3 in the 
catalyst disc 2, this element can be pressed together With the 
starting material in poWder form, to form the shaped body. 
The connection element 3 and catalyst disc 2 can be joined 
by sintering or adhesive bonding. In the case of adhesive 
bonding, the adhesive used is preferably a heat-activated 
adhesive. The sintering is preferably carried out using a 
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process as described in the German patent application 198 
32 625.4. According to this, the connection element 3 can be 
sintered to the catalyst disc 2 under the application of 
pressure. In this case, cavities in the catalyst disc may be 
supported by support devices. When constructing a stacked 
reactor from catalyst discs, the catalyst discs are preferably 
sintered jointly in the stacked state. 

[0039] To integrate the connection element 3 in the cata 
lyst disc 2, it is also possible ?rstly to press a shaped body 
With suitable recesses for the connection element 3, With 
sintering if required. The connection element 3 is inserted 
into the recesses in the shaped body and is joined to this 
body by soldering, Welding, adhesive bonding, clamping 
and/or sintering. A mediator layer 2a, Which assists the 
bonding betWeen connection element 3 and catalyst disc 2, 
can be applied to the connection element 3. 

[0040] For better adhesion of the material of the catalyst 
disc to the connection element 3, the connection element 
may be subjected to a surface treatment by sandblasting, 
etching and/or application of a mediator layer (2a) before 
being integrated in the shaped body or the catalyst disc 2. 

[0041] The foregoing disclosure has been set forth merely 
to illustrate the invention and is not intended to be limiting. 
Since modi?cations of the disclosed embodiments incorpo 
rating the spirit and substance of the invention may occur to 
persons skilled in the art, the invention should be construed 
to include everything Within the scope of the appended 
claims and equivalents thereof. 

What is claimed is: 
1. A catalyst element for a stacked reactor for generating 

hydrogen from hydrocarbons, comprising: 

a catalyst disc of porous material; 

a solid connection element having a catalyst-side end that 
is at least partially enclosed by and joined to the 
catalyst disc; and 

attachment means at an exposed end of the connection 
element at a distance from the catalyst disc. 

2. A catalyst element according to claim 1, further com 
prising a mediator layer betWeen the catalyst-side end of the 
solid connection element and a surface of the catalyst disc. 

3. A catalyst element for a stacked reactor for generating 
hydrogen from hydrocarbons, comprising: 

a catalyst element of porous material; 

a solid connection element having a catalyst-side end; 

a mediator layer joined to the solid connection element 
over an entire area by sintering, soldering, or adhesive 
bonding, Wherein the mediator layer is joined to the 
catalyst disc over an entire area by sintering; and 

attachment means at an exposed end of the solid connec 
tion element Which is at a distance from the catalyst 
disc. 

4. A catalyst element according to claim 2, further com 
prising an electrodeposited metal layer betWeen the solid 
connection element and the mediator layer. 

5. A catalyst element according to claim 1, Wherein the 
catalyst-side end of the solid connection element comprises 
a projection that extends substantially perpendicular to an 
expected principal direction of load on the connection 
betWeen the catalyst disc and the solid connection element. 
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6. A catalyst element according to claim 1, Wherein: 

a surface region of the catalyst-side end of the solid 
connection element ends substantially ?ush With an 
outer surface of the catalyst disc, and 

a section of the catalyst-side end extends at least partly 
parallel to the outer surface of the catalyst disc. 

7. A catalyst element according to claim 1, Wherein the 
solid connection element has at least one passage by Which 
at least one of reaction starting materials or reaction prod 
ucts are supplied or discharged. 

8. A stacked reactor for generating hydrogen from hydro 
carbons, comprising a plurality of catalyst discs and at least 
one catalyst element according to claim 1 as a catalyst 
connection disc. 

9. A catalyst element for a stacked reactor for generating 
hydrogen from hydrocarbons, comprising: 

a catalyst disc of porous material; 

a connection element having a catalyst-side end that is at 
least partially enclosed by and joined to the catalyst 
disc; and 

a screW connection at an exposed end of the connection 
element at a distance from the catalyst disc. 

10. Aprocess for producing a catalyst element, compris 
ing: 

joining a surface of a connection element to a mediator 
layer by sintering, soldering, or adhesive bonding; and 

joining a free side of the mediator layer to a porous 
catalyst disc by sintering, 

Wherein the connection element has attachment means at 
an exposed end of the connection element at a distance 
from the catalyst disc. 

11. A process according to claim 10, further comprising 
applying a metal layer by electrodeposition to the catalyst 
side end of the connection element before joining the 
mediator layer. 

12. Aprocess according to claim 10, Wherein the joining 
of the mediator layer to the surface of the catalyst disc is by 
sintering at approximately 400° C. to 600° C. under pres 
sure. 

13. Aprocess according to claim 10, Wherein the joining 
of the mediator layer to the connection element is by 
sintering at approximately 600° C. to 1000° C. 

14. Aprocess according to claim 10, Wherein the joining 
of the mediator layer to the connection element is by 
soldering at approximately 800° C. to 1000° C. 

15. Aprocess for producing a stacked reactor, comprising 
sintering a catalyst element according to claim 1 together 
With additional catalyst discs in a stacked state. 

16. Aprocess for producing a stacked reactor, comprising: 

joining a surface of a connection element to a mediator 
layer by sintering, soldering, or adhesive bonding; and 

joining a free side of the mediator layer to a porous 
catalyst disc by sintering, thereby producing a catalyst 
element; 

stacking the catalyst element With a plurality of catalyst 
discs to form a stack; and 

sintering the stack. 


